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OPTICAL APPARATUS 

BACKGROUND OF THE INVENTION 

Priority is claimed under 35 U.S.C § 1 19 to Japanese application 2002-251346, filed 
August 29, 2002, which is incorporated herein by reference. 
Field of the Invention 

The present invention relates to optical apparatuses such as semiconductor exposure 
devices, spectroscopes, and the like in which high energy light such as ultraviolet light is 
employed. 

Background Art 

In a semiconductor exposure device, ultraviolet light having high energy, such as a 
KrF excimer laser beam or an ArF excimer laser beam for example, may be employed. 
When such an ultraviolet light is employed, in general, fluorite or synthetic silica that is 
superior in penetration characteristics in the ultraviolet light band is selected as material for 
forming optical elements included in the semiconductor exposure device. 

However, when ultraviolet light having high energy, in particular, a KrF excimer 
laser beam or an ArF excimer laser beam is emitted on optical elements such as a lens, an 
optical fiber, and the like, which are made of synthetic silica, defects may be produced in the 
molecular structure of the synthetic silica due to the effects of light energy. Such defects 
may form colored defects by which light passing through the optical elements may 
undesirably become colored, and light transmissivity of the optical elements may be 
decreased. Moreover, compaction may occur in the optical elements due to such defects by 
which the optical elements may have distortions therein. 
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In order to reduce such defects in the synthetic silica, a method, in which hydrogen is 
impregnated into the synthetic silica, has been proposed. In this method, hydrogen is 
impregnated into the synthetic silica by immersing optical elements of synthetic silica in an 
atmosphere containing hydrogen gas. The defects in the synthetic silica can be reduced in 
such a manner that the defects react with hydrogen so that more stable bonds such as Si-OH 
bonds, Si-H bonds, or the like are formed. 

However, synthetic silica generally includes defect precursors which could be 
converted into defects when energy is applied, and which cannot be reduced by the effects of 
hydrogen, because such detect precursors do not react with hydrogen; therefore, further 
defects may be produced from the defect precursors when ultraviolet light having high energy 
is emitted thereon. Moreover, when radiation energy per unit time is very high, even 
molecular chains in the normal network structure of silica may be broken, which may lead to 
further defects- 
Even when such further defects are produced, light transmissivity is not decreased as 
long as hydrogen is contained in the synthetic silica because such defects are converted into 
stable bonds due to the effects of hydrogen. However, when the hydrogen concentration in 
» the synthetic silica is decreased as hydrogen is gradually consumed and hydrogen diffuses 

into the exterior, the defects can no longer be converted into stable bonds. As a result, 
because defects increase, the light transmissivity may be decreased so that transmission loss is 
increased, and distortion due to compaction may occur. 

Other methods to reduce such defects have also been proposed, in which fluorine is 
doped in the synthetic silica, or chlorine radical concentration is decreased; however, even 
when such methods are employed, the defects cannot be sufficiently reduced; therefore, as in 
the above-mentioned case, the light transmissivity may be decreased so that transmission loss 
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is increased, and distortion due to compaction may occur. 

SUMMARY OF THE INVENTION 

In view of the above circumstances, an object of the present invention is to provide 
an optical apparatus in which the defects in silica that forms optical element(s) included in the 
optical apparatus are held at a low level even when high energy light such as ultraviolet light 
is emitted over a long period, so that increase in transmission loss can be prevented, and so 
that the optical elements) can be prevented from having distortions. 

In order to achieve the object, the present invention provides an optical apparatus 
including, a container filled with a gas containing hydrogen, and an optical element of silica 
glass which is accommodated in the container. 

In the above optical apparatus, the optical element may preferably be subjected to a 
heat treatment in a hydrogen atmosphere before being accommodated in the container. The 
pressure in the hydrogen atmosphere may preferably be set in a range from X to 500 kgf/cm 2 , 
and the temperature in the hydrogen atmosphere may preferably be set in a range from 80 to 
500°C. 

In the above optical apparatus, the hydrogen concentration of the gas containing 
hydrogen may preferably be set to be less than 4% by volume. 

In the above optical apparatus, the container may be provided with a light 
transmission window. The light transmission window may be formed as a lens. 

In the above optical apparatus, the container may be provided with a shut-off valve 
or a check valve which is connectable to an external element 

In the above optical apparatus, the gas containing hydrogen may be allowed to flow 
through the container. 
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In the above optical apparatus, the optical element includes at least one of a lens, an 
optical fiber, a mirror, a prism, an optical filter, and a reticle. 

In the above optical apparatus, the gas containing hydrogen may be pure hydrogen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG 1 is a schematic diagram showing an embodiment of an optical apparatus 
according to the present invention. 

FIG 2 is a schematic diagram showing another embodiment of an optical apparatus 
according to the present invention. 

FIG 3 is a cross-sectional view showing another embodiment of an optical apparatus 
according to the present invention. 

FIG 4 is a cross-sectional view showing another embodiment of an optical apparatus 
according to the present invention. 

FIG 5 is a flow chart expressing an embodiment of the invention in method form. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An embodiment of an optical apparatus according to the present invention will be 
explained below with reference to FIG 1. An optical apparatus 3 in the present embodiment 
includes a sealed container 2 filled with a gas containing hydrogen. Lenses 3a, 3b, 3c, and 
3d as optical elements of silica glass are accommodated in the sealed container 2. In the 
sealed container 2, an excimer laser beam emitted from a light source 5 is to be irradiated on a 
workpiece 3e via the lenses 3a, 3b, 3c, and 3d, mirrors 4a, 4b, and 4c, and a filter 4d. The 
sealed container 2 is provided with a check valve 6 which is connectable to an external 
element. Here, the silica glass may be a pure silica glass (S1O2), a germanium doped silica 
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glass (Ge0 2 -Si0 2 ), a fluorine doped silica glass (F-Si0 2 ), a boron doped silica glass 
(B 2 03-Si0 2 ), a phosphorus doped silica glass, a titanium doped silica glass (Ti0 2 -Si0 2 ), a 
sodium doped silica glass (Na 2 0-Si0 2 ), a silica glass having a chlorine radical, or a silica 
glass having a hydroxy radical. The excimer laser beam preferably emits coherent 
ultraviolet light, and may be, for example, a KrF excimer laser beam (having a wavelength of 
approximately 248 nm), an ArF excimer laser beam (having a wavelength of approximately 
193 nm), a F 2 excimer laser beam (having a wavelength of approximately 157 nm), or a XeCl 
excimer laser beam (having a wavelength of approximately 301 nm). The light source 5 
may be accommodated within the container, or outside the container 2. 

The lenses 3a, 3b, 3c, and 3d may preferably be subjected to a heat treatment in a 
hydrogen atmosphere, in which pressure is set in a range from 1 to 500 kgf/cm 2 (from 98 to 
49,000 kPa), and temperature is set in a range from 80 to SOO^C, before being accommodated 
in the sealed container 2. The pressure in the hydrogen atmosphere may preferably be set in 
a range from 300 to 500 kgf/cm 2 (from 29,400 to 49,000 kPa) when higher resistance against 
ultraviolet light for the lenses 3a, 3b, 3c, and 3d is desired, and when a container for 
accommodating the hydrogen atmosphere has sufficient pressure resistance. The pressure in 
the hydrogen atmosphere may be set to be less than 100 kgffcm 2 (9,800 kPa) when an 
ordinary equipment (container) is employed. By the heat treatment in the hydrogen 
atmosphere under the above conditions, hydrogen is impregnated into synthetic silica, and 
thereby defects contained in the molecular structure of synthetic silica can be reduced. 

The sealed container 2, in which optical elements such as lenses are accommodated, 
has sufficient pressure resistance, and may preferably be made of metal such as stainless steel 
or the like. The partial pressure of hydrogen may preferably be set in a range from 0.01 to 
500 kgf/cm 2 (from 0.98 to 49,000 kPa). When the partial pressure of hydrogen is set in this 
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range, hydrogen molecules can be sufficiently and effectively impregnated into synthetic 
silica that forms the optical elements. The partial pressure of hydrogen may preferably be 
set in a range from 300 to 500 kgffcm 2 (from 29,400 to 49,000 kPa) when higher resistance 
against ultraviolet light of the lenses 3a, 3b, 3c, and 3d is desired, and when the sealed 
container 2 has sufficient pressure resistance. The pressure in the hydrogen atmosphere may 
be set to be less than 1 0 kgf/crn 2 (980 kPa) when safety and ease of handling are specifically 
desired. 

The gas containing hydrogen filling the sealed container 2 preferably contains gas or 
gases other than hydrogen gas. Such gas or gases other than hydrogen gas may include a 
rare (Noble) gas, such as a helium gas, a neon gas, or an argon gas, an inert gas, such as a 
nitrogen gas or a carbon dioxide gas, a noncombustible gas, a nonexplosive gas, or a gas 
which does not support combustion, such as a chlorofluorocarbon gas. When such gas is 
included, the hydrogen concentration in the sealed container 2 is preferably be set to less than 
4% by volume. The condition in which the hydrogen concentration is set to be less than 4% 
by volume is outside of the range in which hydrogen could explode (i.e., 4 to 75% by 
volume). 

The check valve 6 is provided for introducing the gas containing hydrogen into the 
sealed container 2. If a valve such as the check valve 6 is provided, the gas containing 
hydrogen can be easily introduced into the sealed container 2, and in particular, it is easy to 
reintroduce the gas containing hydrogen. Normally, when the gas containing hydrogen is 
supplied through the check valve 6, the gas containing hydrogen is not continuously supplied. 

According to the optical apparatus 1 of the present embodiment, even when defects 
are produced in the synthetic silica that forms the optical elements due to ultraviolet light 
emitted from the light source 5, the defects can be converted into stable bonds due to the 
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effects of hydrogen contained in the synthetic silica; therefore, the defects contained in the 
molecular structure of synthetic silica can be reduced- Moreover, because hydrogen is 
continuously supplied to synthetic silica from the gas containing hydrogen in the sealed 
container 2, the hydrogen concentration in the synthetic silica will not decrease even though 
time passes and hydrogen therein is consumed. Accordingly, because the defects can be 
converted into stable bonds over a long period, light transmissivity will not decrease over a 
long period, and an increase in transmission loss can be prevented. Furthermore, because 
compaction can be prevented by reducing the defects, the optical elements of synthetic silica 
can be prevented from having distortion therein over a long period. 

The present invention is not limited to the above embodiment. In the above 
embodiment, the sealed container 2 is used as a container, and the gas containing hydrogen is 
not continuously supplied through the check valve 6; however, for example, the gas 
containing hydrogen may be continuously supplied. An embodiment in which a gas 
containing hydrogen is continuously supplied is shown in FIG. 2. In this embodiment, 
optical elements 3a, 3b, 3c, and 3d are accommodated in a container 9 which is provided with 
an inlet 7 for the gas containing hydrogen and an outlet 8 for the gas containing hydrogen. 
The gas containing hydrogen is continuously supplied through the inlet 7, and the gas 
containing hydrogen is allowed to flow through the container 9. In this case, the hydrogen 
concentration in the container 9 can be regulated; therefore, the defects contained in the 
optical elements of synthetic silica can be stably minimized over a long period. The light 
source 5 may be accommodated within the container, or outside the container 9. 

As another embodiment, the sealed container 2 may be provided with a shut-off 
valve. The shut-off valve is provided instead of, or in addition to, the check valve 6. 
Moreover, a container may be provided with neither a shut-off valve nor a check valve. In 
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the case in which no valve is provided, hydrogen can be contained in the container by 
accommodating optical elements in the container in an atmosphere containing hydrogen gas, 
and then sealing the container. 

In the above-embodiments, a plurality of lenses are accommodated in a single 
container; however, a single lens may be accommodated in a single container. An 
embodiment in which a single lens is accommodated in a single container is shown in FIG. 3. 
FIG 3 is a cross-sectional view showing an optical apparatus according to the present 
embodiment, which is taken along the light path in the optical apparatus. In this 
embodiment, an optical apparatus 14 includes a container 12 which is provided at both ends 
thereof with light transmission windows 11, respectively, and a lens 13 as an optical element 
which is accommodated in the container 12. In this case, light emitted from an external light 
source (not shown) passes through the lens 1 3 via the light transmission window. According 
to the optical apparatus 14, a space in which hydrogen should be contained is minimized; 
therefore, the amount of hydrogen required is reduced. Note that the light transmission 
windows 1 1 are transparent elements which allow light to pass through, and may be of 
synthetic silica, magnesium fluoride, or the like. 

Furthermore, as shown in FIG. 4 showing an optical apparatus 1 7 as another 
embodiment, lenses 1 5a and 1 5b may be employed as light transmission windows so that a 
container 16 acts as a lens cell. According to the present embodiment, the optical apparatus 
17 is compact because the container 16 acts as a lens cell. 

Furthermore, FIG 5 illustrates an embodiment of the invention as a method. As a 
tirst step, the optical element is heat treated in a hydrogen atmosphere (step 30). The step of 
heat treating includes steps of setting the pressure of the hydrogen atmosphere to be 1 to 500 
kgf/cm 2 , and setting the temperature of the hydrogen atmosphere to be 80 to 500 ft C. After 
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heat treating, the optical element is accommodated in the container (step 31). The container 
is then filled with gas containing hydrogen (step 33), setting the partial pressure of the 
hydrogen to be in a range of 0.01 to 500 kgf/cm 2 (step 32). Preferably, the concentration of 
the hydrogen in the container is set to be less than 4% by volume (step 34). Thereafter, the 
gas can be flowed through the container while maintaining pressure (step 35). The container 
can also be sealed (step 36), Light is then irradiated on the optical element (step 37). 

As explained above, according to the present invention, a container which houses 
optical elements is filled with a gas containing hydrogen, and hydrogen is supplied from the 
gas containing hydrogen to silica that forms the optical elements; therefore, the hydrogen 
concentration in silica will not decrease even though ultraviolet light having high energy, such 
as a KrF excimer laser beam, an ArF excimer laser beam, or the like, is emitted on the optical 
elements, the defects in silica can be converted into stable bonds over a long period. As a 
result, the light transmissivity of the optical elements will not decrease, increase in 
transmission loss can be prevented, and the optical elements can be prevented from having 
distortions over a long period, and thus long term reliability of the optical elements can be 
improved. 

The above-mentioned effects can be anticipated not only in the case in which 
ultraviolet light is emitted, but also in the case in which the optical elements are exposed to 
high energy radiation, such as gamma radiation, neutron radiation, or the like, which tends to 
produce defects in the optical elements. Even under such conditions, the defects in silica can 
be minimized, and the optical elements can be prevented from being degraded. 

While preferred embodiments of the invention have been described and illustrated 
above, it should be understood that these are exemplary of the invention and are not to be 
considered as limiting. Accordingly, it is contemplated that numerous additions, omissions, 
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substitutions, and other modifications can be made without departing from the spirit or scope 
of the present invention as defined in the following claims. 



